Supplementary Discussion
Characterization of PaLhpL protein. The recombinant (His) 6 -tagged PaLhpL protein was successfully expressed in P. putida cells, and purified to homogeneity using a nickel-chelating affinity column (Fig. S6a) . In the first approach for functional analysis, eight proline derivatives (10 mM; Fig. S1 ) were tested as substrates in Tris-HCl buffer (pH 8.0) without additives. Among them, only trans-3-hydroxy-L-proline was consumed in a time-dependent manner, and the reaction product was identified as cis-3-hydroxy-D-proline by an amino acid analyzer (Fig. S6b) . By contrast, when trans-3-hydroxy-L-proline was incubated with PaLhpL and PaLhpH, not only cis-3-hydroxy-D-proline but also L-proline was detected ( , which was ~6000-fold lower than that of PaLhpI toward cis-3-hydroxy-L-proline ( Fig. S6d and Fig. 4f ).
PaLhpL protein belongs to the proline racemase superfamily, which includes the archetypical proline racemase, hydroxyproline 2-epimerase, and trans-3-hydroxy-L-proline dehydratase; the former two are involved in L-hydroxyproline metabolism in organisms, as described in "Introduction" (Fig. 1a, b and Table S1 ). Until now, these enzymes had been classified into four types based on two specific residues at the active sites: Cys-Cys type, proline racemase and hydroxyproline 2-epimerase; Cys-Thr or Ser-Thr type, trans-3-hydroxy-L-proline dehydratase; Ser-Cys type, function unknown. In this regard, there are two types of LhpL protein, Ser-Cys or Ser-Thr, and PaLhpL protein belongs to the former. Therefore, it is likely that both types of LhpL protein commonly function as a trans-3-hydroxy-L-proline dehydratase. trans-3-hydroxy-L-proline dehydratase, the first characterized member of a novel family of proline racemase-like enzymes. J. Biol. Chem. 287, 21654-21662 (2012) . 
5'-GTGCCGATGTTCGCCGTCATCGGCG-3' Table S2 . Primers used in this study (continued).
Primer Sequence
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